To identify the geographic, organisational, and payment correlates of buprenorphine and methadone treatment among substance abuse treatment (SAT) providers.
Results
Buprenorphine is increasingly offered at SAT facilities though uptake remains comparatively low outside of the northeast. SAT facilities run by tribal governments or Indian Health Service which offer buprenorphine remain low compared to privately operated SAT facilities (AOR = 0.528). The odds of offering buprenorphine among facilities offering free or no charge treatment (AOR = 0.838) or a sliding fee scale (AOR = 0.464) was lower. SAT facilities accepting Medicaid payments showed higher odds of offering methadone treatment (AOR = 2.035). 
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Introduction
The ongoing and sustained opioid epidemic in the United States has manifested as one of the most urgent contemporary public health problems such that the United States Centers for Disease Control and Prevention (CDC) added the crisis to its list of the top five public health challenges in 2014 [1] . Opioid overdose deaths have increased at an alarming and accelerated rate; from 2015-16, for instance, deaths due to opioid overdose increased 27.7% [2] . Opioid overdose mortality and its associated economic burden have been among the major consequences of this epidemic; in 2014, for instance, 61% of drug overdose deaths involved opioids [3] while health care spending among individuals with opioid abuse averages eight times higher than individuals without opioid abuse [4] . The burden of the opioid epidemic, involving both the misuse of prescribed opioids and the use of illicit opioids, has not manifested uniformly across the United States. One study found that drug poisoning mortality and opioid consumption rates varied significantly by state and region with drug poisoning rates highest in the Southwest and lowest in the Midwest [5] . Moreover, sales of opioid analgesic, which are prone to abuse, have varied significantly by state as well, with Alaska showing a 13 times higher methadone distribution than Nebraska in 2002 [5] . Another study has found that prescription drug abuse of oxycodone has been unevenly concentrated in eastern and southeastern states with a pattern of migration from the northeast and Appalachia towards the southeast and west [6] .
Despite the self-evident need for effective opioid misuse treatment, systemic barriers to treatment persist [7, 8] , particularly with respect to the type and mode of treatment [9, 10] . Because of the strict Federal regulatory oversight of pharmacotherapies for the treatment of opioid misuse, the accessibility or lack thereof of treatments such as buprenorphine and methadone has come under heightened scrutiny by researchers and practitioners [11] despite the fact that the American Psychiatric Association (APA) has endorsed the use of pharmacotherapy combined with psychotherapy as best practice [12, 13] and the American Society of Addiction Medicine (ASAM) has established the use pharmacotherapy for the treatment of opioid use disorder as a practice guideline [14] . Indeed, some practitioners have called for increased access to buprenorphine in the outpatient setting [15] . In addition, as broader patterns of macroeconomy have experienced a downturn at the start of the millennium, substance abuse treatment providers have responded with respect to changes to patient mix by changes in provider operators and acceptance of private health insurance [16] .
In this study, we make use of a routine, annual survey of all substance abuse treatment (SAT) facilities in the United States to characterise the ways in which pharmacotherapeutic approaches to managing opioid use disorders, specifically buprenorphine and methadone, have or have not varied during ten recent years of the opioid epidemic from 2007-16, based on geographic, operational, and payment characteristics. By doing so, we seek to describe ongoing trends in SAT facility operations and whether or not disparities exist based on geographic, operational, and payment characteristics with respect to buprenorphine and methadone treatment, particularly given the clinical evidence supporting their use in opioid abuse treatment [17] . Finally, we provide some recommendations for policymakers to address issues facing the treatment of opioid use disorders based on our findings.
Methods
Our study used data from the 2007-16 waves of the National Survey of Substance Abuse Treatment Services (N-SSATS), an annually repeated, survey of all known drug and alcohol abuse treatment facilities, both public and private, in the United States [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . Given that the N-SSATS is a point-prevalence survey, where data is collected over a short, defined period of time in contrast to a longitudinal study, facilities are surveyed year after year [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . The number of responses vary by year, with a minimum of 13,066 and a maximum of 14,162. The average number of responses per year was 13,614. In our analysis, we make use of 136,143 responses from 2007-16. The N-SSATS collects data regarding the location and characteristics of each substance abuse treatment (SAT) facility as well as the types of services offered [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . Data is collected through mailed questionnaires, telephone interviews, and web-based surveys [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . No adjustment is made for the approximately 5-10% facility nonresponse [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] .
N-SSATS respondent location was categorized using Census Bureau Divisions ("division") [28] : New England; Mid-Atlantic; East North Central; West North Central; South Atlantic; East South Central; West South Central; Mountain; and Pacific. SAT facility operating entities were defined as one of: private for-profit; private non-profit; state government; local government; tribal government; Department of Veterans Affairs (VA); Department of Defense (DoD); Indian Health Service (IHS); or other Federal agency [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . SAT facility payment characteristics were also obtained from the N-SSATS. Dichotomous variables were coded to indicate whether a SAT facility provided no charge or free treatment, offered a sliding fee scale to patients, accepted cash payments, accepted private insurance, accepted Medicare, accepted Medicaid, accepted state (non-Medicaid) insurance, and accepted federal Military insurance [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] .
Our outcome variables of interest were dichotomous variables coded to indicate whether a SAT facility offered specific pharmacotherapies: buprenorphine (with or without naltrexone) and methadone [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . For our analyses of SAT facilities offering methadone, only facilities indicating the presence of an opioid treatment program (OTP) were assessed, as methadone dispensing is strictly regulated by Federal regulations and limited to OTPs [29] .
All statistical analyses were performed in Stata 14 [30] . Bivariate descriptive analyses were conducted for our outcome variables of interest regarding service types and pharmacotherapies compared to facility characteristics, including geography, operating entity, and payment characteristics as detailed above. Multiple maximum-likelihood logit regressions weighted least squares were performed on these outcome variables, with and without adjustment, to yield odds ratios associated with SAT facility characteristics, specifically, geography, operating entity, and payment characteristics. The baseline characteristics used for logistic regressions were: New England for division, private for-profit for operating entity, and the counterfactual condition for payment characteristics (e.g. the counterfactual for "offers free or no charge treatment" would be "does not offer free or no charge treatment"). In addition to adjustment for our covariates of interest, all regression models also adjusted for year. 
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Responses among substance abuse treatment providers to the opioid epidemic in the USA Fig 3. In Mid-Atlantic, we observed an increase in the number of SAT facilities running an OTP in 2008, then declining until 2012 before increase again through to 2015. Reflecting broader patterns in facility operation noted above, SAT facilities running an OTP were predominantly operated by private entities. Table 2 shows the results of unadjusted and adjusted results of logistic regression of geographic, operational, and payment characteristics associated with whether SAT facilities offered buprenorphine and methadone pharmacotherapies from 2007-16. These results are also shown graphically in Figs 4 and 5. SAT facilities in most divisions, except for Mid-Atlantic (AOR: 1.15; 95% CI: 1.08-1.22), showed lower odds of offering buprenorphine treatment when compared to New England. SAT facilities operated by private non-profit entities (AOR: 0.85; 95% CI: 0.82-0.88), local, county, or community governments (AOR: 0.71; 95% CI: 0.66-0.77), tribal governments (AOR: 0.53; 95% CI: 0.45-0.62), or IHS (AOR: 0.65; 95% CI: 0.45-0.95) showed lower odds of offering buprenorphine while those operated by state government (AOR: 1.22; 95% CI: 1.11-1.35) or VA (AOR: 9.58; 95% CI: 8.40-10.93) showed higher odds of offering buprenorphine. SAT facilities offering any type of payment assistance, either charity care or a sliding fee scale, showed lower odds of offering buprenorphine than those that did not offer any form of payment assistance. SAT facilities accepting cash or self-payment (AOR: 2.09; 95% CI: 1.94-2.25), private health insurance (AOR: 2.01; 95% CI: 1.93-2.25), Medicare (AOR: 1.46; 95% CI: 1.40-1.52), or Medicaid (AOR: 1.09; 95% CI: 1.05-1.13) all showed higher odds of offering buprenorphine than those not accepting.
For methadone treatment, different trends among geographic, operational, and payment characteristics were found among SAT facilities operating an OTP. Compared to SAT facilities in New England, SAT facilities in Pacific showed higher odds of offering methadone treatment (AOR: 6.40; 95% CI: 2.93-13.98). Of the SAT facilities which responded to the N-SSATS from 2007-16, no SAT facilities operated by DoD ran an OTP and no SAT facilities operated by IHS or another Federal government agency offered methadone treatment. SAT facilities operated by a private non-profit entity (AOR: 0.57; 95% CI: 0.40-0.83) or by tribal government (AOR: <0.01) showed lower odds of offering methadone treatment than SAT facilities operated by a private-for-profit entity, particularly so in the latter case. SAT facilities accepting private health Table 2 
. Unadjusted and adjusted multiple logistic regression of SAT facility characteristics associated with pharmacotherapies offered.
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Methadone � insurance (AOR: 0.16; 95% CI: 0.10-0.25) and Medicare (AOR: 0.70; 95% CI: 0.51-0.95) showed lower odds of offering methadone treatment than those that did not accept those forms of payment while SAT facilities accepting Medicaid showed double the odds of offering methadone treatment than SAT facilities not accepting Medicaid (AOR: 2.04; 95% CI: 1.37-3.02).
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Discussion
Our results showed changes in the SAT facility landscape from 2007-16 and highlighted differences in buprenorphine and methadone treatment availability based upon geographic, operational, and payment characteristics. Firstly, though it is promising to see that buprenorphine is increasingly offered at SAT facilities among all divisions, uptake remained low outside of the northeast; we observe that all regions, except for Mid-Atlantic, showed lower odds of SAT facilities offering buprenorphine treatment. Moreover, though SAT facilities across a range of operational entities increasingly offered buprenorphine treatment, the percentage of SAT facilities run by tribal governments or IHS which offered buprenorphine remains low, highlighting a potential disparity in treating Native Americans. Though SAT facilities operated by the VA which offer buprenorphine have rapidly increased, growth has been more attenuated among facilities run by other operational entities as shown by the odds of SAT facilities offering buprenorphine among these SAT facilities. The odds of offering buprenorphine among facilities offering payment assistance was lower than those without payment assistance. For methadone, on the other hand, we observed that SAT facilities accepting Medicaid payments showed higher odds of offering methadone treatment. Our analyses are limited by the shortcomings of data drawn from the N-SSATS. Given major changes to survey design in 2007, namely the exclusion of questions capturing our independent and dependent variables of interest, inclusion of prior waves of the N-SSATS which could have extended our study period was not possible. Moreover, the N-SSATS does not collect information regarding client mix among SAT facilities. As client mix and needs contribute to the determination of individual SAT facility service offerings, this omission may have contributed to omitted variables bias. Nevertheless, given that the N-SSATS is intended to be a comprehensive annual survey of all SAT facilities in the United States, our analysis is strengthened as we can analyse nearly all SAT facilities rather than relying on a generalizable sample [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . Our use of a ten-year long study period further contributes to our attempts to mitigate bias. In addition, to our knowledge, no other dataset currently exists which documents SAT facilities on a national level to the extent that the N-SSATS provides.
Given the magnitude of the opioid epidemic and its sustained impact on population health, our findings suggest that greater attention towards the provision of pharmacotherapies for the treatment of opioid-related use disorders is warranted, such as understanding the reasons why uptake of pharmacotherapies for the treatment of opioid-related use disorders has been moderate among civilian healthcare providers. This can complement ongoing and sustained efforts to alter prescribing practices [31] and to generate novel formulations of abuse-deterrent opioid analgesics [32] . The relatively low numbers of civilian SAT facilities reporting the availability of buprenorphine therapy is concerning, given research which suggests that drug-free treatments may contribute towards greater patient mortality than medication-assisted therapy [33] . Though buprenorphine prescription has, to date, been strictly limited by law, researchers have called on lawmakers to consider relaxing such restrictions as they may contribute to greater patient harm [34] . Previous research has found a similar trend regarding the supply of waivered physicians in the northeast relative to other regions [35] and though some have offered explanations for this with respect to health care reform [36] or regional variations in opioid mortality [37] , more research is needed to better understand the factors which have led to the relatively low uptake of buprenorphine treatment outside of the northeast. A number of general causes have been suggested as contributory towards the relatively low use of buprenorphine treatment, including a shortage of certified prescribers and worries about patient diversion [38, 39] as well as insufficient prescriber knowledge about the use of opioid agonist therapy and potential stigma associated with its use [40] .
Our findings are consistent with other analyses of pharmacotherapy among providers primarily focused on Native Americans which have also identified low rates of pharmacotherapy implementation for substance abuse treatment [41] . In the case of opioids specifically, some qualitative research suggests that the high prevalence of oxycodone use among a tribal community has led to heightened sensitivity regarding opioid misuse [42] , suggesting that approaches to increasing the use of pharmacotherapy for opioid-related substance use disorders must be culturally appropriate and contextual to the needs of Native Americans [43] . Developing cultural competence and capacity for evidence-based treatment of opioid-related substance disorders will contribute greatly to addressing the disparities we have identified.
With respect to methadone treatment, the relatively static number of SAT facilities with OTPs over time may be cause for concern as the number of individuals with opioid-related use disorders continues to increase. One study assessing the gap between treatment need and capacity for OTPs found that 96% of states showed opioid abuse or dependence rates higher than their OTP capacity rates with 38 states reporting at least 75% of their OTPs were operating at 80% capacity or more [11] . One way of addressing the lack of growth of OTPs is by devoting greater resources towards expanding the number of waivered physicians who can provide buprenorphine in the physician office setting, particularly among rural areas which have been underserved with respect to opioid-related substance disorder treatment [44] . Another approach is to relax the patient limits set on waivered physicians which can be a less resource-intensive method of increasing capacity for care without the need to increasing the number of SAT facilities, OTP programs, or waivered physicians [45] .
Opioid use disorder continues to present pressing and urgent challenges to public health. SAT facilities, which serve a crucial role in the treatment of opioid use disorder, have generally shown an increase in the use of buprenorphine yet this increase was not observed as strongly among facilities offering payment assistance, a characteristic which may determine patient access to treatment. Nevertheless, our observation that facilities accepting Medicaid payments showed higher odds of offering methadone treatment suggests that there may be other opportunities where low-income, uninsured, or underinsured patients may receive medicated-assistant treatment. Still, much more research is needed to understand how SAT facilities as a whole, whether by policy or in practice, have responded to the opioid crisis. More nuanced approaches to understanding local and regional contexts for opioid use disorders and their treatment will enable more responsive care planning and service provision where it is needed most, for instance, among areas with high populations of Native Americans. 
